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Abstract: This paper analyzes the pattern of player substitutions during a soccer match, 
using data from the First Division (Primera División) of the Spanish National Soccer 
League in the 2004-2005 season. To do so, an inverse Gaussian hazard model is 
adopted to analyze the first substitutions of each team that take place at half-time and in 
the second half of matches. The results show that the most important factor is the score 
as it stands prior to the time of the player substitution. Furthermore, defensive 
substitutions are made later in the match than offensive substitutions. We also find some 
evidence that the home team makes more substitutions than the visiting team in the half-
time interval.  
 
Keywords: hazard model, soccer substitutions, strategy. 1.  INTRODUCTION 
The primary function of the soccer team coach during a match is to adapt to the 
evolving situation by deploying and managing the limited resources at his disposal, in 
order to gain or maintain an advantage, or to retrieve a losing situation.   An issue that 
can be analyzed is the managerial procedures of the coaches during a match. 
However, previous studies in relation to soccer coaches have only studied their 
efficiency (e.g. Scully, 1994; Dawson, Dobson and Gerrard, 2000) or their 
performance, where the determinants of a coach’s dismissal were analyzed (e.g. 
Koning, 2003; Barros, Frick and Passos, 2006). Contrary to previous studies, in this 
paper the managerial procedure of the soccer coaches during matches is analyzed 
through the study of the determinants of the substitutions in a match, thereby 
enlarging previous research in this field. Specifically, we estimate inverse Gaussian 
hazard models for the first substitutions of the team that take place after the first half. 
The relationship between sporting victories and earnings is well documented in sport 
literature (Barros and Leach, 2006). For our purpose, we use data from the Spanish 
Primera División (First Division) in the 2004-2005 season. 
The particular motivations for the present research are the following. First, 
player substitutions in soccer matches have become a standard feature of the sport 
over the past 40 years. Most substitutions take place in the first 10 to 20 minutes after 
the start of the second half. However, some innovation has appeared recently, on the 
part of young coaches, who seek to use this ploy as an advantage in the match. 
Second, substitutions are costly, since the more substitutions a coach aims to make, 
the larger the pool number of quality players required by the club, therefore an 
effective player-substitution strategy can contribute to decrease the club’s costs. 
Finally, an efficient use of substitutions can reduce the number and extent of player injuries. Therefore, it is worth analyzing the soccer coach’s player-substitution 
strategy in matches.  
The remainder of the paper is organized as follows. The next section presents 
the contextual setting, after which a brief literature review is presented. A description 
of the data, methodology and empirical specification follows. We then present the 
estimation results. Finally, some conclusions are drawn. 
 
2.  CONTEXTUAL SETTING 
A soccer match, which has two halves of 45 minutes, is played between two 
teams consisting of 11 players, together with a maximum of three substitutes each. 
The substitutions can be used for injured players, for players with yellow cards
1 and 
for tactical purposes. It is noteworthy to mention that following a player’s 
substitution, this player is not allowed to return to the game. There are three possible 
outcomes in a match: a win, for which the winning team receives three league points, 
a tie, for which both teams receive one point, and a defeat, for which the losing team 
receives no points. 
The players are classified, according to their skills, as: goalkeepers, defenders, 
midfielders and forwards. The goalkeeper, who is the last line of defense, is the only 
player allowed to use his hands in contact with the ball. Defenders are supposed to 
have better defensive skills than forwards and midfielders, while forwards are 
supposed to have better offensive skills than defenders and midfielders. 
The first division (known as the Primera División) of the Spanish National 
Soccer League is renowned as one of the strongest leagues in the world, since many 
of the best players, in particular the Latin Americans, are contracted by Spanish clubs. 
                                                           
1 A yellow card is a penalization of a player for important offences; two yellow cards involves 
expulsion, so that the team will play with a player less.  
 As a result, the top Spanish teams are frequently successful in the lucrative European 
competitions
2. Another consequence is that various scientific studies have used data 
from the Spanish Primera División, for instance, García and Rodríguez (2002) study 
the determinants of attendance of the Spanish league; Espitia-Escuer and García-
Cebrian (2004) study the efficiency of the First Division teams using DEA (Data 
Envelopment Analysis), which is a non-parametric technique, and Ascari and 
Gagnepain (2006) analyze the financial crisis of Spanish soccer as a whole. 
On the other hand, the main characteristic of the Spanish First Division Soccer 
League is that two teams, Real Madrid and F.C. Barcelona, are global brand giants, 
with the means to buy many of the top players, boast the largest numbers of 
supporters (Barcelona regularly play at home in front of a maximum capacity 110,000 
spectators) and usually achieve the two first positions in the league, as in the 2004-
2005 season. Table 1 displays some statistics of each team that played in the Primera 
División in that season. Specifically, the number of points achieved by each team, the 
number of players used and the number of substitutions that each team made 
throughout the season are shown. 
 
 
                                                           
2 F.C.Barcelona won the European Champions League, while Sevilla C.F. won the UEFA Cup at the 
end of the 2005-2006 season. These are the two European-level club soccer competitions. Table 1. Club Statistics - Primera División, 2004/05 
Team  League Points  Total Number of 
Players Used 
Total Number of 
Substitutions in Season 
F.C. Barcelona  73  24  95 
Real Madrid  71  26  106 
Villarreal 69  24  107 
Betis 62  23  101 
Español 54  23 108 
Sevilla 44  27  110 
Valencia 54  24  106 
Deportivo Coruña   46  23  113 
Athletic Bilbao  59  27  108 
Málaga 40  23 109 
Atlético Madrid  40  24  107 
Zaragoza 52  22  113 
Getafe 38  25  107 
Real Sociedad  47  23  101 
Osasuna 46  20  104 
Racing Santander  41  27  107 
Mallorca 42  26  106 
Levante 39  20 110 
Numancia 30  28  110 
Albacete 33  28  111 
 
 
3.  LITERATURE REVIEW 
We are not aware of any paper analyzing the determinants of player 
substitutions in soccer matches. Published research related to the present investigation 
is centered in coaches. For example, Koning (2003) analyzes soccer coach dismissals, 
based on poor performance, with an econometric model allowing for selectivity. 
Barros, Frick and Passos (2006) analyze the determinants of coach dismissals in the 
German soccer Bundesliga, using a hazard model. Other papers have studied the sport 
coaches’ efficiency. For example, Scully (1994) analyzed the managerial efficiency of 
professional baseball, basketball and soccer coaches, through deterministic and 
stochastic frontier methods. Dawson, Dobson and Gerrard (2000) analyzed the 
efficiency of the coaches in the English Football Premier League during the years 
1992-1998.  In empirical works, the research line of most relevance to the present paper 
adopts event-history analysis in sports. Scully (1994) used a survival analysis to 
measure the coaching tenure probability. Audas, Dobson and Goddard (2000) 
analyzed involuntary and voluntary managerial job termination with hazard functions 
for English professional soccer. Ohkusa (2001) analyzed the quit decision among 
baseball players in Japan using Cox's (1972) proportional hazard model. Ohkusa 
(1999) also analyzed the quit decision among Japanese baseball players. Kahn (2006) 
analyzes racial differences in the retention, pay and performance of the US National 
Basketball Association coaches for the period from 1996 to 2003.  
We are not aware of any other research in sports which has adopted the 
technique that we use to analyze team substitution strategy in soccer games.  
 
4.  DATA 
The data relates to the 2004/2005 season of the Spanish Primera División. This 
division is composed of 20 teams which play each other twice during the season, on a 
home-and-away basis. Thus, each team plays 38 league matches in the season.   
The data set contains information on the 2,133 substitutions that were made 
during the 380 matches played in the 2004/2005 season. Specifically, the information 
includes the minute of each substitution, the player entering the team, the player 
departing and some variables related to the teams between which the match was 
played. This data comes from the referees’ official post-match reports, which can be 
viewed on the Spanish soccer federation’s website
3. Additional information was 
gathered on the position in which the footballers usually play, the principal source of 
which was PC Futbol 2005, which is a computer game licensed by the Professional 
                                                           
3 www.rfef.es  Soccer League (“Liga de Fútbol Profesional”).
4 In view of the incomplete information 
on players’ positions, the useful data was reduced to 2,108 substitutions. Figure 1 
shows the histogram of the minute in which the substitutions took place. 
 























In this figure, three aspects can be observed. First, there are very few 
substitutions in the first half. Secondly, a large number of substitutions are made 
during the half-time interval. Thirdly, in the second half, there is a strong tendency for 
the substitutions to increase between the 46
th and 70
th minutes, while in the final 20 
minutes the trend decreases.  
In order to analyze substitutions in tactical terms, Table 2 shows a breakdown of 
the total number of substitutions according to player position throughout the season.  
                                                           
4 The information on the players that was not included in PC Futbol was found in other sources, such as 
the main Spanish daily sports newspapers, Marca and As. 
  
Table 2. Player Substitutions by Player Position, 2004/2005 
Player that exits  Entering Player 
Goalkeeper Defender  Midfield  Forward 
Goalkeeper  7 0 0 0 
Defender  0 124  132  27 
Midfield  0 134  825  213 
Forward  0 55  264  327 
 
 
We verify that the majority of the substitutions involved midfield players and 
specifically, the most common substitution was a straightforward midfield-midfield 
exchange. In addition, the figures above (below) the main diagonal in Table 2 
represent defensive (offensive) substitutions. It can be observed that offensive 
substitutions are much more frequent than defensive ones.  
The major drawback of the data is that the reason for the substitution (injury, 
tactical) is not known. Hence, to reduce the effect of random injuries and unexpected 
game situations, we do not consider either goalkeeper substitutions or substitutions in 
the first half, since these substitutions are almost always due to injuries or follow 
expulsions, so that the coach has control over the timing of such forced substitutions. 
However, as can be seen in Figure 1, first-half substitutions account for only a very 
small proportion of the total (4%). Moreover, there were only seven goalkeeper 
substitutions throughout the entire season. Our study considers only the first 
substitution in each team in each match
5, since the first important decision that a 
coach must make is to decide when to alter the starting team. Thus, the number of 
substitutions analyzed in the empirical analysis contains 676 substitutions. Figure 2 
displays the histogram of the substitutions that will be analyzed in the empirical 
analysis.  
                                                           
5 If the first substitution of a team is the goalkeeper, we consider as the first substitution the next after 
































In the above graph, some differences arise with respect to the histogram of all 
the substitutions. In particular, the maximum considering only first substitutions after 
half-time is achieved around minute 60, earlier than Figure 1 maximum (minute 70). 
Furthermore, the decrease in the number of substitutions after this maximum is 
sharper in Figure 2 than in Figure 1. 
  Table 3 presents the substitution events by quarter-hour of play of the 
substitutions that we shall use in the hazard model. The variable, HOST is a dummy 
variable that takes a value of one if the team that makes the substitution is the home team, the CLASSIFICATION is the league position occupied before the match by the 
team that makes the substitution, the variable, RESULT is the current score difference 
between the team that makes the substitution and the opposing team. Finally, the last 
three variables (DEFENSIVE, NEUTRAL and OFFENSIVE), which reflect the 




Table 3. Main characteristics of substitutions at half-time and in the second half 
(by quarter-hours) 
Variable  Quarter-hour of play   
 Half-time  Fourth  Fifth  Sixth  Total 
Number of substitutions  142  194  299  41  676 
Host 52%  48%  54%  49%  50% 
Last 4 matches points  5.02  5.29  5.15  5.59  5.18 
Opponents’ last 4 matches’ 
points  4.89 4.95  5.42  5.07  5.17 
Classification   9.96  9.90  9.99  8.61  9.85 
Opponents’ classification   10.57  9.56  10.16  10.05  9.95 
Result -0.57  -0.20  0.35  0.71  0.00 
Defensive
7 12%  12%  21%  24%  16% 
Neutral 59%  63%  62%  66%  62% 
Offensive 29%  25%  17%  10%  22% 
 
 
Table 3 reveals that the number of first substitutions in a team increases until the 
fifth quarter-hour. Moreover, there is a clear trend to make the first substitution later 
on in the match when the team is winning. With respect to the type of substitution, 
again in the case of a winning situation, the probability that the first substitution 
                                                           
6 For a more complete variable explanation, see the Appendix. 
7 A substitution is considered as defensive when the player who comes on is less offensive than the 
player who goes off, e.g. if the player coming on is a midfielder and the player departing is a forward. 
A substitution is considered as neutral when both players play in the same position. It is considered as 
offensive when the new player is more offensive than the withdrawn player, e.g. if the new player is a 
forward and the withdrawn player is a midfielder. would be defensive is increasing along the time, while the probability that the first 
substitution would be offensive is decreasing along the time.  
 
 
5.  METHODOLOGY AND EMPIRICAL SPECIFICATION 
In this paper, we estimate a duration model for soccer players’ substitutions, by 
regressing the length of the match before the first substitution on game variables. 
The variable of interest in the analysis of duration is the length of time that 
elapses from the beginning of some event either until its end or until the measurement 
is taken, which may precede termination (Greene, 2003). In our case, since there was 
only one match in which neither team made any substitutions, we can consider that 
there are no censored observations so we can study the time from the beginning of the 
match until the coach’s decision to make the first substitution, thus altering the 
starting team.  
A useful way to consider the player substitutions is as an intervention taking 
place at a specific point in time. As a result of the intervention, the player moves to an 
alternative state, i.e., substitution. The concern therefore is the effect of the 
explanatory variable on the timing of the transition between states. Duration models 
allow us to determine the likelihood of a transition from one particular state to 
another, given the values of a series of explanatory variables.  
Although Figure 2 may be used to establish a certain patron/standard for the 
dependence of substitution duration, we have used several specifications for the 
duration model, including some of the proportional hazard family (exponential, 
Weibull and Gompertz) and some of the accelerated failure time family (loglogistic, 
lognormal, gamma and inverse Gaussian). Even though the exponential and the 
Weibull distributions can be considered accelerated failure time models, they share the common property of a monotonically increasing or decreasing hazard function 
with the other proportional hazard models.  
However, there are situations in which the hazard function slope substitutions 
over time and even shift its direction, as suggested by Figure 2. In these cases, 
accelerated failure time models can be more adequate than proportional hazard 
models, so this is the reason to estimate models of both families and choose the most 
suitable model according to the Bayesian information criteria (BIC).  
In fact, as is shown in the next section, we have found that the inverse 
Gaussian distribution fits better than the other tried specifications. As far as we know, 
the inverse Gaussian model was first used for duration analysis by Chhikara and Folks 
(1977). These authors recommended this density function when “there is a high 
occurrence of early failures. In general, its failure rate is nonmonotonic; initially, it 
increases and then decreases with a non zero asymptotic value”. In particular, the 
density function used in the estimations was: 
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6.  RESULTS 
In order to analyze player substitutions in a soccer match, we have estimated 
several nested models, in which Model 5 is the complete one. Table 4 presents the 
estimated inverse Gaussian models for the substitutions that took place in the second 
half, while Table 5 presents the hazard models for the substitutions at half-time and 
during the second half. The inverse-Gaussian distribution is a flexible accelerated 
failure model that, according to the BIC values, captures the analyzed problem better than other alternative specifications.
8 Given the specific parameterization, positive 
values of the parameters imply that player substitutions are delayed, so that managers 
will maintain the starting team as long as possible. 
Table 4. Second-Half Substitutions 
  Model 1a  Model 2a  Model 3a  Model 4a  Model 5a 
         
CONSTANT  4.1854***  4.1876*** 4.1849*** 4.1568***  4.1544*** 
  (0.0270)  (0.0265) (0.0267) (0.0305)  (0.0300) 
HOST -0.0107  0.0041  -0.0102  -0.0135  -0.0128 
  (0.0106)  (0.0103) (0.0106) (0.0105)  (0.0105) 
HRESULT 0.0004    -0.0002  -0.0005  -0.0012 
 (0.0083)    (0.0082)  (0.0082)  (0.0081) 
RESULT 0.0239***    0.0218***  0.0261***  0.0241*** 
 (0.0059)    (0.0061)  (0.0060)  (0.0062) 
DEFENSIVE    0.0328**  0.0203    0.0208 
    (0.0128) (0.0129)   (0.0129) 
OFFENSIVE   -0.0274**  -0.0133    -0.0133 
    (0.0139) (0.0139)   (0.0138) 
LAST 4 MATCHES POINTS       0.0011  0.0016 
      (0.0019)  (0.0019) 
LAST 4 MATCHES POINTS RIVAL      0.0047***  0.0045** 
      (0.0018)  (0.0018) 
LN(ρ)  -8.483***  -8.442*** -8.490*** -8.498***  -8.505*** 
  (0.0610)  (0.0589) (0.0611) (0.0614)  (0.0614) 
N  534  534 534 534  534 
χ
2 117.8  82.7  128.9  129.3  146.5 
log-likelihood  894.3  883.3 896.1 898.2  900.1 
AIC  -1740.7  -1718.6 -1740.2 -1744.5  -1744.2 
BIC  -1637.9  -1615.8 -1628.8 -1633.1  -1624.2 
Note: In order to control for heterogeneity individual effects dummies were also included. 
* , **,*** significant at the 10%, 5% and 1% levels respectively 
 
                                                           
8 Exponential, Weibull, log-normal, log-logistic and Gamma models were estimated and are available 
on request to the authors. Table 5. Half-Time and Second-Half Substitutions 
  Model 1b  Model 2b  Model 3b  Model 4b  Model 5b 
         
CONSTANT 4.1186***  4.1222***  4.1192***  4.0666***  4.0653*** 
 (0.0321)  (0.0324)  (0.0318)  (0.0366)  (0.0361) 
HOST -0.0235*  0.0017  -0.0232*  -0.0277**  -0.0273** 
 (0.0125)  (0.0126)  (0.0125)  (0.0122)  (0.0123) 
HRESULT 0.0151    0.014  0.0139  0.0128 
 (0.0092)    (0.0092)  (0.0092)  (0.0092) 
RESULT 0.0381***    0.0359***  0.0412***  0.0390*** 
 (0.0065)    (0.0067)  (0.0065)  (0.0067) 
DEFENSIVE    0.0466***  0.0189    0.0205 
   (0.0170)  (0.0165)    (0.0167) 
OFFENSIVE   -0.0473***  -0.0196    -0.0197 
   (0.0164)  (0.0164)    (0.0161) 
LAST 4 MATCHES POINTS        0.0035  0.0040* 
       (0.0024)  (0.0024) 
LAST 4 MATCHES POINTS RIVAL       0.0070*** 0.0069*** 
       (0.0021)  (0.0021) 
LN(ρ)  -7.799*** -7.703***  -7.803*** -7.820*** -7.825*** 
 (0.0468)  (0.0450)  (0.0470)  (0.0476)  (0.0477) 
N  676 676  676 676 676 
χ
2 163.5  91.9  170.1  189.4  200.1 
log-likelihood 922.3  889.9  923.8  929.6  931.3 
AIC  -1796.6 -1731.8  -1795.7 -1807.3 -1806.7 
BIC  -1688.1 -1623.3  -1678.2 -1689.8 -1680.1 
Note: In order to control for heterogeneity individual effects dummies were also included. 
* , **,*** significant at the 10%, 5% and 1% levels respectively 
We have included four types of variables in the estimations. Firstly, we have 
considered the strategic implications of being the host team. There is evidence that 
there is home advantage in many sports including soccer (e.g. Carmichael and 
Thomas, 2005). Furthermore, Garicano et al. (2005) have proved that public pressure 
is a relevant factor to determine individual behavior. Hence, home team managers are 
under much more pressure than the opposing coaches and this could affect their 
substitution strategy.  
From analyzing second-half substitutions, we find that being the home team 
does not have a significant effect on the timing of the first substitution, but once we 
have included those substitutions made during half-time, we found that there is a 
significant effect that tends to make the first substitution earlier. So, we can conclude 
that home teams have a higher conditional probability of altering the starting team at 
half-time than visiting teams. This result is not surprising since the coach of the home 
team is more likely to be affected by the fans than the visiting coach, in the sense that the former is more subject to the fans’ reaction. If a substitution is made in the half-
time interval, it is less likely that the fans will show their dissatisfaction with the 
substitution than when the substitution is made during the game. 
Secondly, we have used two variables which capture the effect of the match 
result when the substitution is made. It can be expected that a positive result will 
induce the retention of an unchanged team on the field and negative results will favor 
the development of alternative strategies and, hence, player substitutions. 
Furthermore, since these effects cannot be equal for home and visiting teams, we have 
included an interactive term (HRESULT) between the RESULT and HOST variables. 
The RESULT coefficient is positive and significant in all cases, even when we 
include half-time substitutions, indicating that, as expected, when a team is losing, the 
substitutions take place earlier. However, we have not found any significantly 
different behavior for the home team, given any particular result. So, teams that are 
winning a match make their first substitution later than when they are losing.  
The next type of variables reflects the substitution aim or strategy component 
adopted by the coach (DEFENSIVE, NEUTRAL or AGGRESSIVE). The omitted 
category is the neutral strategy. Since the type of substitution can be highly correlated 
with the score at the moment of the substitution, we decided to include in Models 2a 
and 2b the DEFENSIVE, NEUTRAL and AGGRESSIVE variables without using 
simultaneously the RESULT and HRESULT variables. In this case, the variables 
DEFENSIVE and OFFENSIVE are significantly positive and negative respectively. 
This means that the attacking substitutions seem to be made before defensive 
substitutions when the win has not yet been secured. However, once the score is 
practically beyond doubt, the strategy component of the substitution is not significant, probably reflecting that the RESULT is the relevant factor and not the type of 
substitutions that are highly correlated with the result.  
Finally we included two variables to control the quality of both teams when the 
match is played through the points achieved in the last four matches. Obviously, this 
measure is highly correlated with the final position achieved in the league. However, 
teams undergo many changes of performance during the course of a season, hence we 
believe that the points achieved in the last four matches is a variable that outperforms 
other alternative proxies for the quality of the teams. The estimated coefficients of 
these variables indicate that the form of the team does not have a significant effect on 
the team that makes the substitution, though the opponent’s form has a positive and 
significant effect. Thus, the better the form of the opposing team, the later will 
substitutions take place. So, it seems that soccer coaches tend to take into account the 
opponents’ current quality more than their own team’s form. 
 
7.  CONCLUSION 
In this paper, we have analyzed the pattern of player substitutions during soccer 
matches. To do so, we have estimated several hazard models and, according to 
Bayesian information criteria, the best parameterization corresponds to the inverse 
Gaussian hazard model. This model has been used to analyze the first substitutions of 
each team that take place at half-time and during the second half in all the Spanish 
Primera División soccer matches during the 2004-2005 season. The results show that 
there are important strategic elements that determine the timing of substitutions in this 
sport. In particular, we have found that the most important factor is the score as it 
stands at moment of the substitution. We also provide some evidence that the 
coaches’ decisions depend on whether their team is playing at home or away. 
Specifically, host teams have a higher conditional probability of making their first substitution at half-time, when the crowd’s pressure is at its weakest. The value of 
such research is that the estimated model identifies the significant statistical variables 
that explain player substitutions during a soccer match. This knowledge could 
contribute to strategy formulation in football matches, with the aim for a club to 
achieve sporting success, thereby contributing to the improved economic performance 
of the club. 
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HOST: dummy variable that takes value one if the team making the substitution is the 
home team and zero otherwise. 
RESULT: goals scored by team that makes the substitution, minus the goals scored by 
the team that does not make the substitution, at the moment of the substitution. 
HRESULT: Interactive variable between HOST and RESULT. 
DEFENSIVE: dummy variable that takes the value of one if the substitution is 
considered as defensive and zero otherwise. 
NEUTRAL: dummy variable that takes the value of one if the substitution is 
considered as neutral and zero otherwise. 
OFFENSIVE: dummy variable that takes the value of one if the substitution is 
considered as attacking and zero otherwise. 
LAST 4 MATCHES POINTS: points achieved in the previous four matches by the 
team that makes the substitution. 
LAST 4 MATCHES POINTS RIVAL: points achieved in the previous four matches 
by the team that does not make the substitution. 